A search continues for native pered range grasses which will COmpde SUCCS~S~UU~ rritb intduet~d SIUIUI ~WW.
Mdrisls and Methods
Experiments were conducted in both the greenhouse and laboratory. Seeds of Secar were supplied by the Plant Materials Center, Soil Conservation Service, U.S.D.A., Pullman, Washington. Medusahead seeds were collected from a west-facing slope on Klicker Mountain, southeastern Washington, in August 1979, deawned, and stored at room temperature.
Seeds of the 2 species were germinated in trays. Four trays, slanted at 18" were placed in a covered 32 X 17 X 18 cm plastic box. Ten seeds of each species were placed on each half of the slanted tray and covered with filtered paper, kept moist by wicking action from a water supply in the bottom of the box. Four boxes were placed in germination chambers with 12 hours light at 3 constant 
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temperatures: 10, 15, and 22" C, and an alternating one: 25-15 C (12 hours each). Germination percentages were obtained by counting. Seeds were considered germinated when the seminal root emerged 1 mm. Speed of germination was rated by using the Vigor Index formula as described by Maguire (1962) :
where NX = number of seeds germinated on X day and DX = number of days from the beginning of the germination text to X day. Root growth was summed for seedlings of each species, and was converted to rate of total root growth per seedling per day.
Five medusahead and 5 Secar seeds were planted separately in wooden boxes 19 X 10 X 90 cm deep inside dimensions, and replicated in 4 separate boxes. Plants were grown in a 3: 1: 1 Palouse clay loampeat mossperlite autoclaved mixture in the greenhouse at day temperature of 22 f 3" C for 14 hours, and at a night temperature of 13 f 2" C for 10 hours, Natural day light was supplemented by fluorescent lights (F 96T12 -cool white) with 700 foot-candles (7535 lux) at plant canopy level. Maximum root depths, leaf lengths, and number were determined at 9, 12, 14, 16, 18, 22, 26, 28 , and 30 days after planting. On the 30th day the roots were separated from the soil by washing with a tine jet of water, the shoots were harvested, the leaves were excised, and leaf area in cm2 was determined with a LI-COR LI3100 area meter. Root and shoot dry weights were recorded after ovendrying at 60" C for 24 hours. Data were analyzed as a completely randomized design with unequal number of replications because of failure of germination in some Secar se&.
Results and Discussion
Total germination percentage for each species after 14 days was not affected by temperature treatments (Table 1) . However, total germination was significantly different between the 2 species. In 4 days, medusahead reached 9290 germination at 100 C, while no germination was observed in Secar seeds (Table 2) . In 6 days, medusahead germination was 100% at all temperature treatments. At this time, the lowest germination value (47%) was recorded for Secar at loo C. The interaction species by temperature was not significant. No effect was observed for the alternating temperature.
Although Secar germination was delayed at 10" C, the final germination percentage at that temperature was not significantly different from other temperatures. Similar results on other wheatgrass species were reported by Ellern and Tadmore (1966) where low temperature (4 to 100 C) delayed germination of several perennial grasses rather than depressing germination percentage. Rapid germination and establishment at low temperatures were characterized as important factors on semiarid sites for seedlings to become successfully established before the advent of the hot, dry weather of summer (Harris 1967) .
Speed of germination as indicated by vigor index (Maguire 1962) in Secar was positively correlated to increases of temperature. The vigor index value for the 2 species was lowest at loo C and highest value was at 22O C; there was a significant difference recorded between the 2 species (Table 1) . Medusahead germinated faster than Secar at all temperatures. Germination at the 3 highest temperatures was about the same. It appears the medusahead seedlings may have a competitive advantage of more rapid germination under the conditions tested.
The rate of root growth (cm/ plant/day) was positively related to temperatures (Table l) , and significantly different between species. The average rate of root growth of Secar at 100 C was significantly lower than at the other temperatures (Table 1) . The interaction between species by temperature was significant at the 5% level. This was due to the differential effect of temperature at levels on root growth within each species. The highest rate of root growth for medusahead was reached under alternating temperature conditions and was significantly higher than root growth at fixed temperatures. For Secar, no significant differences were detected between the growth rate at 22 and 25 15" C nor between 22O C and 15O C; however, the mean rate of root growth at loo C was significantly less than at other temperatures. Since germination in the field normally occurs at low fall temperatures, this indicates an additional competitive advantage for medusahead seedlings. Both roots and shoots of medusahead exceeded Secar seedling development, when grown for 30 days at alternating day/night temperatures of 22113" C. Secar shoot weight averaged only 30% of medusahead shoot weight, and 53% of root weight (Table 3) . Similarly, leaf area and leaf numbers averaged only 38 and 36%, respectively, of that produced by medusahead. Initial growth rates are critical in controlling a site when plant species are in competition (Harris 1967). The advantage for medusahead would have been even greater under field conditions, where temperatures are normally colder than in these tests (Young et al. 1968) .
Thus, these laboratory and greenhouse tests strongly indicate that seedlings of Secar will not compete successfully with a natural stand of medusahead seedlings on semiarid range sites. Seeds germinate more slowly, and particularly at low temperatures. After germination, the seedlings grow more slowly both in length and mass. Without intervention of control procedures, the population density ratio of Secar seedlings would likely be at least 1:lOO favoring medusahead. Considering all these disadvantages, it is doubtful that many seedlings of Secar would survive the first summer season. In range seeding practice using Secar, it then becomes essential to control medusahead (and other annuals) for success.
